Abstract: Fluorescent benzo[a]phenoxazinium chlorides possessing undecylamino chains with functionalised ending-groups (hydroxyl, carboxylic acid and the ester group) as substituents at the 5-position of the heterocycles were successfully synthesised and characterised. These compounds were used in photophysical studies with DNA, and compared to the corresponding analogue with a non-functionalised terminal (methyl group). It was found that the functionalised terminal exerts a dramatic influence on the type of interaction with the hydroxyl group promoting intercalation, while the ester group promotes groove binding. In recent years, the development of fluorescent probes, which offer a wealth of information in various fields, has attracted the interest of researchers. [1] [2] [3] The strong influence of the surrounding medium on fluorescence emission, has led to fluorescent molecules being used as probes for the investigation of physicochemical, biochemical and biological systems. The solubility of the probes and the resulting specific interactions that can be established with the system to be probed are governed by their chemical nature; the hydrophobic, hydrophilic or amphiphilic character of the probe is essential in this regard. The presence of a long hydrocarbon chain in the fluorescence probe allows it to bind easily with the hydrophobic parts of biomolecules, enabling the fluorophore moiety to probe its environment. After purification by column chromatography, cationic dyes 1a-c were isolated as solid materials in moderate to high yields (Table 1 ) and were fully characterised by the usual analytical techniques.
Functionalised probes.
In recent years, the development of fluorescent probes, which offer a wealth of information in various fields, has attracted the interest of researchers. [1] [2] [3] The strong influence of the surrounding medium on fluorescence emission, has led to fluorescent molecules being used as probes for the investigation of physicochemical, biochemical and biological systems. The solubility of the probes and the resulting specific interactions that can be established with the system to be probed are governed by their chemical nature; the hydrophobic, hydrophilic or amphiphilic character of the probe is essential in this regard. The presence of a long hydrocarbon chain in the fluorescence probe allows it to bind easily with the hydrophobic parts of biomolecules, enabling the fluorophore moiety to probe its environment. 4 Studies on the interaction between DNA and ligands are particularly important for therapeutic 5 and scientific reasons. 6, 7 Among other molecules, Nile Blue, a benzo[a]phenoxazinium dye with a planar and rigid structure, has been reported as a DNA probe, 8 and was considered to be a good intercalator of the DNA double helix. 9 Mitra and collaborators clearly identified non-specific 2 electrostatic and intercalative modes of interaction of the label with DNA at lower and higher DNA concentrations, respectively. 10 The minor or major groove DNA binding of molecules is another possibility of interaction with nucleic acids. 11, 12 Bearing in mind earlier observations, combined with our current research interest on benzo[a]phenoxazinium dyes, 13 and following on from our previous evaluation of the potential of this family of fluorophores as DNA labels, 13e it was decided to synthesise fluorescent benzo[a]phenoxazinium chlorides bearing undecylamino side-chains with functionalised endinggroups. The main purpose of the work described was to study the effect of these terminal groups, which would function as an anchor in the DNA chain, thus facilitating and stabilizing the interaction of the fluorochrome moiety with DNA bases.
Benzo[a]phenoxazinium chlorides 1a-c were synthesised by condensation of 5-ethylamino-4-methyl-2-nitrosophenol hydrochloride 2 with N-substituted-naphthylamines 3a-c, in an acidic medium (Scheme 1). The required 5-ethylamino-4-methyl-2-nitrosophenol hydrochloride 2 was synthesised, using the usual procedure 14 involving treatment of the corresponding 3-ethylamino- nucleotide/benzo[a]phenoxazinium complex for compound 1a due to the appearance of new absorption bands at P/D>10. The observed broad absorption spectra in water was previously reported by us for similar compounds 13d,e and interpreted by the presence of H-aggregates (580 nm), the neutral basic form stabilized by the ethanol enriched solvation shell (~500 nm) and its H-aggregate (~450 nm). In the case of compound 1a, the absorption spectra shows H-aggregates and the cationic acid form (~620 nm). Upon DNA addition, up to P/D = 5, the fraction of Haggregates increases with a concomitant decrease of the fluorescence quantum yield (see inset of right panel in Figure 1 ). This is explained by electrostatic binding, which favours aggregate formation. The intercalation of compound 1a in double stranded DNA is further confirmed by DNA melting studies. Above 80ºC, the double strand separates into two complementary singlestrand (ss) DNA chains. This process is partially reversible due to chain dynamics, which hinders the exact recombination of the complementary ss-DNA strains. Compound 1a reports this process as seen in Figure 1 : upon heating, the spectrum of the DNA solution at P/D = 100 becomes similar to that obtained in the absence of DNA; after cooling to room temperature, the absortion spectrum regains its form but with less intensity.
< Figure 1>
Compound 1b with an ethyl ester termination shows a different behaviour. At low P/D a huge enlargement of the blue side of the spectrum was observed, corresponding to an emission band at around 600 nm (Figure 2 ). This emission corresponds to the basic neutral form of the 
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